Arthropods are very important organisms in the environment in relation to transmission of pathogenic infections to humans.
Introduction
Food crustaceans, such as crabs, lobsters and shrimps are important sources of calcium and other nutrients and also represent important commercial markets in the world economy. While some crustacean species are in decline, in at least one case human intervention has created a boom in a wild population, although with some unintended consequences. As a way to feed the Soviet Union's growing northern population, king crabs native to the North Pacific were introduced into the Barents Sea in the 1960's. Other crustacean species have also become invasive, including Chinese mitten crabs (Eriocheir sinensis) which have spread through the ballast water of ships and the crayfish (Procambarus clarkii) a native of the US Gulf Coast that has displaced many other crayfish from their habitats. The recent finding of a parthenogenetic crayfish strain in the aquarium trade also poses a potential threat if it makes its way into the wild. Then, the population of Atlantic blue crabs (Collinectes sapidus) and brown crab (Cancer pagurus) declines rapidly. Another group of marine crustaceans is the clawed lobsters (family: Nephropidae or Homaridae) which are economically important as they form the basis of a global seafood industry that nets roughly a billion US dollars every year. The closest relatives of clawed lobsters are the rock lobsters and the three families of freshwater crayfish [1] . Also large group of shrimps (Melacostraca Decapoda) have seen a substantial increase in consumption, in many regions, including Poland [2] .
It is important to preserve the ecological balance in the environment in relation to crustaceans. This is strictly related to detection of pathogenic infections vectored by this group to humans and prevention of the pathogen transmission. Crustaceans are clearly a remarkable group of organisms given their primarily aquatic habitats; however, they are not as well studied as their terrestrial arthropod relatives, and especially as a vector of human / animal enteric infection.
We "eat to be alive", but also "we live to eat". Food, including seafood that is consumed every day ought to be safe. Some of the parasite and bacterial infections to be discussed in this paper are rare and occur only in secluded geographical regions. In recent years there are so many travelers and large exports/imports of seafood such the infections can produce dangerous outbreaks spread in to a large regions. Many of the protozoan parasites such as Cryptosporidium parvum and Giardia are found on the surface of foods that have been washed with contaminated water harboring these parasites [2] [3] [4] [5] [6] . Similarly to waterborne prorozoan parasites, some bacterial pathogens such as Vibrio spp., especially V. cholerae 01 can be readily spread with the water and contaminated food [7] [8] [9] [10] . Gastroenteritis, which is one of the manifestations of waterborne and/or food borne diseases, is life threatening for young children, elderly people and people with a suppressed immune system. Gastroenteritis can be even more severe if seafood items contain waterborne toxins. This is because surface runoffs that carry agrochemicals and veterinary drug residues as well as toxic metals can readily increase toxicity of consumed seafood [11] .
Crustaceans are biological and environmental vectors of pathogenic infections. This is a fact well known in epidemiology and medicine. But what we do not know is the way or exact mechanism by which humans become infected. This article will focus on gastroenteritis caused by Cryptosporidium oocysts, Giardia cysts and bacteria Vibrio cholerae.
Cryptosporidium parvum found in arthropods -vectors of human enteric infection
Cryptosporidium parvum is a human enteric pathogen that can be transmitted very efficiently via the fecal-oral route (i.e., autoinfection and person-to-person) and indirectly via contaminated water, food consumption (i.e., vegetables, meat and seafood) and recreational activities [12] . Edible crabs may take up and retain human-virulent bacterial contaminants [13, 14] and organic and inorganic pollutants from ambient water and sediments at levels posing risks to consumers [15] . And there is very little information on contamination of crabs with Cryptosporidium [4] . The authors demonstrated a mechanical passage of C. parvum oocysts via handling of fish caught in urban watersheds to the hands of recreational anglers. This study also found that commercially harvested Atlantic blue crabs (Callinectes sapidus), which are widely consumed, can serve as a vehicle for infectious waterborne oocysts of C. parvum. Handling of crabs collected from Cryptosporidium-contaminated water can also result in the transfer of oocysts from crabs to handlers [4] . Cryptosporidium oocysts were detected in sample fluid from blue crabs and may cause food borne cryptosporidiosis when the preparing process and storage are suboptimal or improper [4] . The infection of more than 400,000 people in Milwaukee, Wisconsin, in 1993 with Cryptosporidium through ingestion of contaminated drinking water highlights the importance of research and testing for this parasite. The Food and Drug Administration (FDA) became aware of the manufacturer's unsanitary crab-meat operations during a routine inspection in Louisiana US in 1992 [2] . They found food on contact surfaces, inadequately cleaned equipment, employees picking crabs with improperly cleaned knives and cracking blocks, and employees touching cooked crabs after handling unsanitary objects.
Giardia spp. found in arthropods -vectors of human enteric infection
Giardia is the most common cause of parasitic gastrointestinal disease, with up to a few million cases per year. It is estimated that approximately one fifth of the world's population is chronically infected with Giardia. Giardia lamblia exists in two forms, an active form known as a trophozoite, and an inactive form known as a cyst. The active trophozoite attaches to the lining of the small intestine by a sucking mechanism and is responsible for causing the symptoms of giardiasis. The trophozoite cannot live long outside of the body; therefore, it does not result in secondary infection. The inactive cyst, on the other hand, can exist for extended periods of time outside the body. When it is ingested, stomach acid activates the cyst, and the cyst develops into the disease-causing trophozoite. As little as 7-10 cysts have the ability to cause infection. Trophozoites are important not only because they cause disease, but also because they are able to produce cysts that exit the body via feces, thus spreading infection to others. Giardia cysts are present in the feces of infected persons and may spread infection from person to person by contamination of food with feces, or by direct fecaloral contamination [3, 16] . Cysts can also survive in water, particularly in fresh water lakes and streams. As a result, giardiasis is the most common cause of waterborne, parasitic illness. Domestic mammals (i.e., dogs, cats, and calves) and wild mammals (i.e., beavers) can become infected with Giardia; however, the mechanism of zoonotic giardiasis transmission is not completely clear. Giardiasis outbreaks from recreational water sources such as swimming pools and water parks are common. Outbreaks of giardiasis from hot tubs can also occur; however, this is mostly due to infected hot tub users rather than a contaminated water source. In humans, giardiasis can produce a wide spectrum of symptoms including abdominal discomfort, vomiting, diarrhea, or even constipation. These are sometimes similar to flu-like symptoms.
The food borne transmission of giardiasis was suggested in the 1920's [17] , and anecdotal evidence from other outbreaks has frequently implicated food handlers and contaminated fruit and vegetables [18] . The first food borne outbreak of giardiasis in the US was described in 1979 [18] . Of eight outbreaks of food borne giardiasis documented, only one report suggested the possibility of food (i.e. tripe) being intrinsically infected. The other outbreaks, affecting 217 individuals, between 1979 and 1990, were associated with contamination by food handlers, and included foods such as fish, shrimps and crabs as well as in fruit salad, raw vegetables, lettuce, onions and tomatoes. In two outbreaks, the original source of infection was traced to the infected infant of the food handler. Suspected outbreaks of food borne cryptosporidiosis have been reported by travelers from the UK and Australia visiting Mexico; the suspected foods included salads, raw milk, sausages and tripe. An outbreak following the consumption of apple cider was the first associated with the zoonotic transmission route [19] . The fresh pressed cider was squeezed from apples collected from an orchard in which an infected calf grazed. Some apples had fallen onto the ground and had probably been contaminated with infectious oocysts [19] .
Cryptosporidium and Giardia pathogens can be transmitted to humans and animals by every substrate contaminated with infections oocysts and swallowed. The most common way to be infected is via water and food [5, 20] .
Vibrio spp. found in arthropods -vectors of human enteric infection
Vibrio spp. bacteria outbreaks caused by crabs were first detected almost twenty years ago [21] [22] [23] [24] . However, the fact that certain halophilic Vibrio spp. are able to produce a series of virulence factors does not explain the mechanisms of their pathogenicity. Seafood implicated in the spread of disease has had a devastating effect on the economies of the countries affected. For instance, in 1991 the cholera epidemic cost Peru US $700 million in lost revenue from food exports. V. parahaemolyticus requires salt for growth and is, therefore, found along inshore waters and in fish and shellfish from these waters. In Japan, where raw and partially cooked seafood is popular, [2] . During 1986 four cases of cholera were found in Louisiana patients and also in Florida and California. All the patients were exposed to seafood and this is of particular interest because, it is well known that a vehicle of cholera is associated with undercooked crabs [27] [28] [29] [30] .
Vibrio cholerae has been shown to survive in crabs steamed for less than 10 minutes [27] . Toxigenic V. cholerae multiplies rapidly in different food. In order to prevent contamination of food items destined to be consumed soon after cooking, the seafood needs to be stored at appropriate temperatures, i.e., not below 4°C and not above 60°C. In 1988 (March and April) an outbreak of gastroenteritis occurred in the San Francisco Bay area in the US. The resident illness was characterized by typical gastroenteritis symptoms; diarrhea, nausea and vomiting. However microbiological examinations for parasitic pathogens were negative [31] . Some viral agents were detected, but not Vibrio spp. The authors suggested it was a person-to-person viral transmission outbreak, but others question whether the samples of served food (includingshrimps, mussels and crabs) were checked properly.
Discussion
All of these pathogens whether transmitted by handling of seafood or through consumption cause extremely dangerous infections in people and wild or domesticated animals. Diarrhea is the main clinical sign; however for some people these pathogens can produce self limiting symptoms that will resolve without therapeutic intervention. This is important epidemiologically because such infections can result in life-threatening diarrheal disease in a population of immunocompromised individuals, (such as those with HIV/AIDS; those taking immunosuppressive medication for an organ transplant; infants under 1-years of age; or very old people). Cryptosporidium and Giardia -cause mainly diarrhea. But Giardia has a broad range of clinical symptoms -from diarrhea to constipation. Vibrio produces various symptoms depending on the species. Cryptosporidium, Giardia and some strains of Vibrio are the most significant causes of gastroenteritis, and the transmission to humans remains unclear due to the absence of `standardized' methods for pathogen detection. The microsporidia have been documented in one waterborne outbreak, but the role of animals as the cause of contamination was not elucidated. The environmental route of transmission is important for many protozoan and helminthes parasites, with water, soil and food being particularly significant. The potential for producing large numbers of transmissive stages and their environmental robustness, being able to survive in moist microclimates for prolonged periods of time, both, pose a persistent threat to public and veterinary health. The increased demands on natural resources increased the likelihood of encountering environments and produce seafood products contaminated with parasites and bacteria. For waterborne diseases, the protozoa, Cryptosporidium, Giardia and Toxoplasma, are the most significant causes, yet, with the exception of Toxoplasma [32] , the contribution of zoonotic transmission remains unclear due to the absence of `standardized' methods. The microsporidia have been documented in one waterborne outbreak, but the role of animals as the cause of contamination was not elucidated. In foods, surface contamination is associated with the fecal-oral pathogens, and some data are available to indicate that animal wastes remain an important source of contamination (e.g. cattle feces contaminating apple cider that caused disease outbreak); however, further work should focus on examining the source of contamination of fruits and vegetables. Increasing recognition of the burden of human fascioliasis has occurred and it is now recognized as an emerging zoonosis by the World Health Organization (WHO). Toxoplasma, Trichinella and Taenia spp. remain important meat borne parasites, however, others, including Pleistophora-like microsporidia may be acquired from raw or lightly cooked fish or crustaceans. Vibrio spp. were found in contaminated seafood are limited upon the freezing regime. But we need to be aware of potential possibilities of contamination with bacteria in seafood including all kind of crab meet. With increased international travel, the public health importance of the food borne trematodiases must also be realized. Global sourcing of food, coupled with changing consumer vogues, including the consumption of raw vegetables and food undercooking to retain the natural taste and preserve heat-labile nutrients, can increase the risk of food borne transmission. A greater awareness of parasite contamination of our environment and its impact on health has precipitated the development of better detection methods. Robust, efficient detection, viability and typing methods are required to assess health risks and to further epidemiological understanding.
Parasitic protozoa do not multiply in foods, but they may survive in or on moist foods for months in cool and damp environments. Their biology and ecology makes control of these parasites difficult. So, good hand washing in food preparation [4] , controlleddissemination of cysts and oocysts in the farming environment via human waste management and good water management used to wash fresh products should prevent gastroenteritis in any group at risk and eliminate the spread of outbreaks.
